The adenovirus E1A12S gene product (WT12S) immortalizes epithelial cells and they retain their dierentiated characteristics, but certain mutants cannot do the latter. Characterization of mutant immortalized epithelial cells indicated that they had undergone epithelial mesenchymal transition (EMT). Coexpression of V12ras with WT12S leads to benign tumors, but to malignant tumors with 12S mutants. Since EMT is critical for tumor progression, identi®cation of the molecular mechanisms involved should elucidate novel therapeutic targets. To this end, representational dierence analysis (RDA) was used to identify cDNAs upregulated in the mutant cell line. Thirty-®ve dierentially expressed mRNAs were identi®ed and classi®ed into several functional categories, including nine novel cDNAs. Among the 26 known cDNAs, extracellular matrix and related proteins made up the largest group of dierentially expressed genes, followed by growth factors and receptors and transcription factors. There was also an ion transporter, a cytoskeletal protein, glycosylation and amidinotransferase enzymes and proteins with unknown functions. Some of the known genes have previously been associated with EMT and/or tumor progression and thus served to validate the system to obtain the desired target genes, while other cDNAs are newly linked with dedierentiation/malignancy. Array analyses indicated that the cDNAs were speci®cally upregulated in invasive or metastatic tumors, especially of breast, uterus and lung, suggesting their involvement in the progression of these tumors. Oncogene (2001) 20, 6679 ± 6688.
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Keywords: dierentiation; transformation; immortalization; gene expression Epithelial cells represent the most important cell type in tumor formation and progression because greater than 90% of human malignancies are carcinomas and thus of epithelial origin. Carcinogenesis is the multistep process of conversion of a normal epithelial cell into one that can proliferate inde®nitely, invade, migrate and metastasize and requires many cellular changes (Fearon and Vogelstein, 1990) . Immortalization, or escape from senescence, is a critical prerequisite for the expansion of tumorigenically transformed cells (Reddel, 2000) . Transformation that involves loss of growth control, but retention of dierentiation results in benign tumors. Speci®c dierentiation characteristics of epithelial cells, such as cell polarity and multiple adhesive interactions, normally serve as tumor and/or metastasis suppressors (Birchmeier et al., 1996) . Thus, tumor progression towards the malignant phenotype requires the loss of the epithelial phenotype and the acquisition of a ®broblastic or mesenchymal one, a reprogramming known as an epithelial-mesenchymal transition (EMT) (reviewed in Birchmeier et al., 1996; Hay, 1995; Boyer et al., 2000) . Such transitions also occur in other pathological situations such as wound healing, but signi®cantly, EMT and MET, its converse process, are normal developmental processes (Hay, 1995) .
The DNA tumor viruses have long served as model systems to dissect many cellular processes, including tumorigenic transformation (Friedlander and Patarca, 1999) . The product of the E1A 12S gene of Adenovirus (12S) can induce cellular proliferation, enable cells to overcome apoptosis and immortalize primary epithelial cells (Houweling et al., 1980; Quinlan and Grodzicker, 1987; Quinlan, 1993) . Extensive studies have demonstrated that multiple regions and functions of the 12S gene are necessary for it to immortalize primary epithelial cells (Kuppuswamy et al., 1988; Quinlan and Douglas, 1992) , consistent with immortalization itself being a multi-step process (Duncan and Reddel, 1997) . Interestingly, epithelial cells immortalized by E1A retain their dierentiation characteristics and this requires an intact C-terminus (Quinlan et al., 1988; Fischer and Quinlan, 1998a,b) . Furthermore, the 12S polypeptide induces F9 embryonal carcinoma cells to dierentiate (Montano and Lane, 1987; Quinlan, 1989) . In contrast to those epithelial cells expressing WT12S, those expressing C-terminal mutants undergo EMT, exhibiting a loss of apico-basolateral polarity and adhesive interactions. The introduction of an activated ras (V12ras) oncogene into WT12S expressing cells gives rise to benignly transformed cells, that, despite losing cell ± substrate interactions, retain their epithelial polarity and cell ± cell interactions. Coexpression of Cterminal 12S mutants and V12ras gives rise to invasive, metastatic cells (Subramanian et al., 1989; Douglas et al., 1991; Linder et al., 1992) that no longer possess adhesive properties. Taken together, these data indicate that loss of dierentiation or EMT predisposes epithelial cells to a more advanced state of tumor progression upon the introduction of a transforming oncogene. Consistently, WT E1A can suppress the metastatic potential in some tumor cells and eect epithelial properties in others (Chinnadurai, 1992; Mymryk, 1996) .
Epithelial cells immortalized by mutant 12S undergo epithelial mesenchymal transition
Two primary epithelial derived cell lines immortalized by the wild type E1A12S gene (WT12S) or a Cterminal mutant, HBdl12 (missing aa 192 ± 208 of 12S), which have been described previously (Douglas et al., 1991; Fischer and Quinlan, 1998a,b) were examined with respect to epithelial-and kidney-speci®c gene expression (Figures 1 and 2 ). In addition to their epithelial morphology, apical-basolateral polarity, cell ± cell and cell ± substrate adhesion, the WT12S cells expressed the epithelial-cell speci®c genes for intermediate ®laments, cytokeratin 18, and cell ± cell adhesion, E-cadherin. They also expressed low levels of the adult kidney-speci®c genes alkaline phosphatase and podocalyxin. They did not exhibit detectable levels of WT1 or PAX2, the embryonic kidney markers, which are also involved in tumorigenic transformation (Mrowka and Schedl, 2000; Eccles, 1998) . A low level of the mesenchymal marker FSP1 (®broblast speci®c protein 1), which has been implicated in EMT (Strutz et al., 1995; Okada et al., 1997) , could be detected. From these and previous analyses, it is clear that the WT12S cell line exhibits many epithelial and kidney speci®c properties. Surprisingly, many epithelial properties are retained when an activated ras oncogene, V12ras, is coexpressed, resulting in benignly transformed cells (Douglas et al., 1991; Fischer and Quinlan, 1998a,b) .
Cells immortalized by the E1A mutant HBdl12 are less dierentiated (Figure 1 ; Fischer and Quinlan, 1998a,b) . HBdl12 cells no longer form tightly apposed epithelial monolayers, but rather re¯ect the anteriorposterior polarity of individual cells. The intermediate ®lament gene expressed was no longer cytokeratin, but was vimentin and at a very high level. HBdl12 cells no longer expressed surface E-cadherin and so not surprisingly, they were less adhesive and could no longer form a permeability barrier (Fischer and Quinlan, 1998a) . While they have lost many dierentiated properties, the HBdl2 cells are still unable to grow in suspension and thus are also not tumorigenically transformed. The mutated-E1A derived cells retained expression of some kidney speci®c genes, such as alkaline phosphatase and aminopeptidase M, which was very much upregulated, as it is in some cancers. They did express the mesenchymal markers vimentin Figure 1 Expression pro®les of WT and mutant immortalized kidney epithelial cells. RT ± PCR analyses of the expression of epithelial-and kidney-speci®c markers in WT and HBdl12 (HB) immortalized kidney cells. For RT ± PCR analyses, primers (Genset KK, Kyoto, Japan) were synthesized according to the sequence of each gene. Total RNA was isolated by RNEasy 1 RNA isolation kit (Qiagen; Tokyo, Japan) and cDNA was synthesized using Superscript II First-Strand Synthesis System for RT ± PCR (Gibco/BRL Life Technologies; Tokyo, Japan) and puri®ed with cDNA spun columns (Amersham Pharmacia Biotech; Tokyo, Japan). PCR was initiated at 958C, 3 min, followed by an optimum number of cycles: 958C, 30 s; 608C, 30 s; 728C, 30 s, using ExTaq (Takara; Shiga, Japan). The reaction product was electrophoresed and images of the ethidium bromide stained gels were captured by FASIII (Toyobo, Osaka, Japan). As an internal control, G3PDH primers were used under the same conditions and at the same time and FSP1, the embryonic/tumorigenic kidney markers PAX2, WT1, BMP7 and osteopontin. These results, together with previous data, indicate that the HBdl12 cells have undergone EMT (Figures 1 and 2 ; Fischer and Quinlan, 1998a) . When V12ras is coexpressed with HBdl12, the cells' growth properties are drastically altered and they are not only tumorigenic, but are motile, invasive metastatic cells (Figure 2) (Douglas et al., 1991) .
Identification of differentially expressed genes by representational difference analysis
Using these two cell lines, we set out to discover genes that exhibit altered expression in the process of epithelial dedierentiation because they may potentiate tumor progression. To enrich for genes expressed or upregulated in the HBdl12 population, PCR-representational dierence analysis were performed according to (Hubank and Schatz, 1994) by hybridizing cDNA from the wild type (WT) cells as driver (D) with that from the HBdl 12 mutant cells as tester (T), in a 100:1 ratio (D:T). A schematic illustration of the experiment is given in Figure 2 . To test for successful enrichment of the exponentially PCR-ampli®ed tester:tester cDNA hybrids, a digoxigenin-labeled dierence product (DP) was used for Southern blot analysis of the source cDNAs. There was a markedly stronger signal in the tester compared to the driver, con®rming an enrichment of cDNAs derived from the HBdl12 cells (data not shown).
The DPs were then subcloned into the pBluescipt II SK(7) vector. Two hundred clones were picked, 100 of which had inserts that were sequenced. The sequences were used to screen databases for identi®cation (Tables  1 and 2 ). Twenty-two clones had inserts that were not further analysed because they encoded ribosomal RNAs (9), mitochondrial genes (9), thioredoxyn2 (2), or other non-coding sequences (2). Sequence-speci®c primers (Table 3) were designed for the remaining cDNA inserts and used to con®rm dierential expression in the WT12S and HBdl12 cells by RT ± PCR experiments, which gave similar results in duplicate trials ( Figure 3 and Tables 1 and 2 and data not shown). Many of the inserts were also used as probes in Northern analyses for further con®rmation of dierential expression (Figure 3c and Tables 1 and  2 ). Similar patterns of expression were observed in the Northern and RT ± PCR analyses. Fifteen cDNAs were not dierentially expressed and three were actually expressed at higher levels in the WT12S cells. Sixty clones were either positive, versus, not detected, or upregulated in the HBdl12 cells, compared with the WT12S cells and these encoded 35 dierent cDNAs. Twenty-six inserts encoded sequences that matched those of known cDNAs, although three of these previously reported sequences have no function yet assigned.
Database searches revealed no signi®cant homology with any published genes for nine clones that were dierentially expressed ( Figure 3 ; Table 2 ). Thus, clones # 4, 41, 47, 53, 54, 55, 64, 89 , and 100 encodè novel' cDNAs.
Extracellular matrix and adhesion proteins and proteoglycans
The known, dierentially expressed genes could be classi®ed into several functional groups (Table 1 ). The largest group of cDNAs encoded extracellular matrix (ECM) and adhesion proteins and proteoglycans. ECM proteins participate in the maintenance of tissue structure as well as in the control of¯uid and substrate exchange. Many kidney diseases are due to altered ECM homeostasis (Miner, 1999) . Increased production of collagens by mesangial cells is seen as a key factor in the development and progression of glomerular sclerosis (Haralson et al., 2000) . However, it is due to their regulatory role in cell growth and dierentiation, that ECM proteins are suggested to play a role in the progression of renal cancer (Lohi et al., 1998) . ECM proteins also play critical roles in the embryonic development of the kidney, with the collagens and ®bronectin being expressed at pre-dierentiation stages and suppressed when nephrogenesis per se commences (Miner, 1999) . The collagens (reviewed in Adachi et al., 1997) in particular, especially collagen type V alpha-2 (col5 a-2), were highly represented in the DP clones (17/100; Table 1 ). Fourteen clones encoded col5 a-2, a ®brillar collagen that connects with the underlying lamina densa (with nidogen, which also appeared as an RDA clone, laminin and perlecan). Collagen type IV, a-1 and a-2, were exclusively expressed in the mesenchymal HBdl12 cells. Collagen IV is widely distributed in renal cell carcinomas (Lohi et al., 1998) and it increases the invasion of renal cancer cells (Brenner et al., 2000) . The ECM protein ®bronectin (Lohi et al., 1998) was highly upregulated in the dedierentiated HBdl12 cells. It is highly expressed in poorly dierentiated carcinomas and increases the invasion of renal cancer cells (Brenner et al., 2000) .
The other upregulated genes in this category were ®brillin 1 (four clones), ®brillin 2, biglycan, and nidogen/entactin. All of these were expressed at very high levels in HBdl12 cells and were not detectable in WT12S cells. The ®brillins are the main constituents of extracellular micro®brils and contribute to tissue morphogenesis and homeostasis (Ramirez and Pereira, 1999) and have recently been shown to be present in the kidney (Sterzel et al., 2000) . Fibrillin-1 is expressed in the metanephric mesenchyme at early times in organogenesis (Kanwar et al., 1998) . Fibrillin-2 has been demonstrated to modulate EMT in the lung during its development (Yang et al., 1999) . Biglycan is a small proteoglycan interacting with ®bronectin, collagen V and TGFb and is regulated by TGFb (Wilda et al., 2000) . The ECM proteoglycans decorin and biglycan may have a pathogenic role in renal ®brosing disease via regulation of the activity of growth factors, such as TGFb, and eects on collagen type I ®brillogenesis. Biglycan is not identi®ed in normal glomeruli (Stokes et al., 2000) , whereas less The HBdl12 immortalized cells lost many epithelial and kidney speci®c properties and took on the expression pro®le of mesenchymal cells, and thus exhibited EMT (red, general mesenchymal; green, kidney embryonic mesenchymal markers). If V12ras is introduced into WT12S cells, the cells lose cell substrate adhesion and become transformed, but still retain many epithelial properties and consequently behave as benign tumor cells. If V12ras is introduced into HBdl12 cells, the resultant cells are metastatic. This suggests that the loss of dierentiation by the HBdl12 cells predisposes them to a more advanced transformed state in the presence of an activated oncogene. The two immortalized cell types thus present a system to identify genetic changes involved in EMT and tumor progression. The RDA of cDNA derived from these two cell lines (generated using the cDNA Synthesis Kit from Stratagene, La Jolla, CA, USA) was performed based on a protocol by Hubank and Schatz (1994) and Wada et al. (1997) using the respective oligonucleotide sequences. cDNA derived from WT12S cells served as the driver, and from HBdl12 cells as the tester, such that those cDNAs expressed at a higher level in HBdl12 cells should be concentrated in the DP. All PCRs were performed in a PTC ± 200 Peltier Thermal Cycler (MJ Research, Watertown, MA, USA). After one round of subtraction and ampli®cation using hybridization tester-driver ratios of 1 : 100, dierence products were cloned and sequenced using infrared dyelabeled M13 forward and reverse primers and a SequiTherm EXCEL 1 II Long-Read 1 Sequencing Kit-LC (Epicenter Technologies; Madison, WI, USA) in a Li-Cor DNA sequencer 4000L (Lincoln, NE, USA) or an ABI Dydeoxy Terminator Cycle Sequencing apparatus (Applied Biosystems, Tokyo, Japan). Resulting sequences were compared to the GenBank and EMBL databases using the BLAST program. Data from this study, Douglas and Quinlan (1991) and Fischer and Quinlan (1998a,b) dierentiated tumor cells have been reported to express higher levels of biglycan (Dobra et al., 2000) . Nidogen/ entactin bridges the ECM molecules laminin 1 and type IV collagen. It is normally synthesized by mesenchymal and myoepithelial cells but not by epithelial cells and is deposited between epithelial cells (Pujuguet et al., 2000) . Nidogen has previously been connected to cancer (Oivula et al., 1999) and is found to be highly expressed in renal cell carcinomas (Lohi et al., 1998) .
Lysyl oxidase-2 (LOX2) was only detectable in the mutant. The lysyl oxidase related protein, WS9-14, was expressed in both, but upregulated in the mutant. LOX is an enzyme closely associated with the ECM since it is involved in the cross-linking of collagen and elastin (Smith-Mungo and Kagan, 1998). LOX-2 has also been connected with cancer progression due to its elevated expression in invasive and/or metastatic cell lines (Kirschmann et al., 1999) . The WS9-14 gene encodes an extracellular protein that may be speci®-cally involved in cell adhesion and senescence (Saito et al., 1997) .
Other proteins involved in adhesion that were expressed in the mesenchymal cell and not detected in the epithelial cell were FHL1 (four-and-a-half LIM domains) and the 140 kDa NCAM (neural cell adhesion molecule). NCAM is an adhesion molecule of the immunoglobulin superfamily that in¯uences the developmental processes of migration, proliferation and dierentiation (Crossin and Krushel, 2000) . NCAM is a marker of the nephrogenic zone of the developing kidney where it mediates motogenic and mitogenic responses of the dedierentiated epithelium and is highly expressed in nephroblastomas (Daniel et al., 2000) . FHL1 is a unique LIM-only protein because it possesses an odd number of zinc ®ngers (Lee et al., 1998) . FHL1 has been reported to be part of adhesion complexes and integrin signaling and associated with cancer (Wixler et al., 2000) . However, FHL1 has also been identi®ed as a transcription factor. Thus, its function in this system is unknown.
The cytoskeleton is obviously dierent between these two cell types. The intermediate ®lament type expressed by these two cell types had been determined by RT ± PCR (Figure 1 ). HBdl12 cells no longer expressed the epithelial cell speci®c keratin (8 and 18), but did express the mesenchymal/®broblast marker vimentin, which was con®rmed by the presence of six clones after PCR ± RDA (Table 1) . Vimentin is known to increase the ability of carcinoma cells to invade basement membrane matrix (Kirschmann et al., 1999) . Although FSP1 and PAX-2 are used as references of known gene expression; +/7, slightly higher in HBdl12; +, very much higher in HBdl12; ++, no detectable expression in WT the arrangements of F-actin structures are vastly dierent and re¯ective of the overall phenotypic dierences, the levels of actin are not altered (Fischer and Quinlan, 2000) . This of course indicates that not only changes in the levels of gene expression are important in determining cell dierentiation.
DNA binding proteins
The next largest functional group was made up of DNA binding proteins. These included the transcription factors SOX11 and FHL1 and XIST and nm23, all of which were only detected in the mutant cell line. FHL1 shows tissue-speci®c and developmentally regulated expression and has been implicated in carcinogenesis. It possesses an intrinsic transcriptional activation potential, but CREB and CREM represent powerful coactivators (Fimia et al., 2000) . FHL1 has also been classi®ed as an adhesion protein, thus, which function is involved in EMT remains to be determined. A regulatory role for SOX11 in EMT and neuronal maturation was originally described (Hargrave et al., 1997) . However, more recent data implicate SOX11 in kidney MET (Plisov et al., Lombardi et al., 2000) . It was originally reported as a tumor suppressor, but its role as a dierentiation inhibitory factor and a contributor to tumor progression and metastasis have subsequently been reported (Muller et al., 1998; Schneider et al., 2000) . Furthermore, increased nm23 mRNA levels are associated with resistance to initial chemotherapy and reduced overall survival (reviewed in Okabe-Kado et al., 1998). The X-inactive speci®c transcript (XIST) gene does not encode a protein, but produces a large RNA that is retained in the nucleus aimed to transcriptionally inactivate an X chromosome (Lyon, 1999) . Several investigators have implicated XIST in cancer development, such as nonHodgkin lymphoma (McDonald et al., 2000) or testicular tumors (Looijenga et al., 1997) .
Growth factors
Three secreted growth regulatory factors, alpha 2-macroglobulin (a2M), epithelin/granulin and NDF19/ 20 and one`receptor', PRLTS, were activated or upregulated in the less dierentiated HBdl12 cells. Epithelin/granulin, which was only modestly increased, represents an autocrine and paracrine growth modulating factor for epithelial and mesenchymal cells that shows biological similarities with EGF. Overexpression is associated with proliferative disorders such as polycystic kidney disease and cancer (Zhang and Serrero, 1998; He and Bateman, 1999) . a2M is a large plasma glycoprotein that binds growth factors, cytokines and hormones and irreversibly inhibits a variety of proteinases (Feige et al., 1996) . Elevated expression is found in glomeruli from rats with chronic ®brosis and in tumor growth (van Goor et al., 1999; Isaac et al., 1999) and is associated with metastatic potential and high-risk in gastric cancer (Allgayer et al., 1998) . NDF-19/20 (neu dierentiation factor 19/20) is a member of the neuregulin/heregulin family (BenBaruch and Yarden, 1994) and can trigger morphogenetic events involved in epithelial tissue repair and tumorigenesis and is even considered an oncogene (Grimm et al., 1998) . PRLTS (PDGF-receptor betalike tumor suppressor) encodes the extracellular domain of a PDGFRb-like protein and may be secreted or membrane bound. It was originally cloned from the same region in some human malignancies (Fujiwara et al., 1995) and may play a role in human prostate cancer (Komiya et al., 1997) . Interestingly, PDGF and PDGFRb have been shown to be important in glomerulogenesis during kidney development (Lipschutz, 1998) .
Miscellaneous functions
The Na-K-2CI cotransporter, NKCC-1 (rat bumetanide-sensitive Na-K-2CI-cotransporter homolog rat type 1, rBSC2), was expressed at a slightly higher (Table 3) . Total RNA was isolated by RNEASY 1 RNA isolation kit (Qiagen) and cDNA was synthesized using Superscript First-Strand Synthesis System for RT ± PCR (Gibco/BRL). PCR was initiated at 958C, 3 min, followed by an optimum number of cycles: 958C, 30 s; 608C 30 s; 728C 30 s. The reaction product was electrophoresed and images of the ethidium bromide stained gels were captured by FASIII (Toyobo, Osaka, Japan). Northern blot analyses were done with standard procedures, using 10 mg of total RNA or 1 mg of polyA + RNA from WT12S or HBdl12 cells and gel-puri®ed, gene-speci®c, [a-32 P]dCTP Redivue (370 MBq/ml; 10 mCi/ml; 3000 Ci/mmole; Amersham Pharmacia Biotech, Buckinghamshire, UK) radiolabeled probes. The ®lters were exposed to BioMax MR ®lm (Eastman Kodak, Rochester, NY, USA) at 228C without or at ± 808C with two intensifying screens for autoradiography. AGAT, acetylglucosaminyl transferase; A:G AT, arginine:glycine amidino transferase; a2MG, alpha 2 macroglobulin; FN, ®bronectin; Nov, novel with clone number; Rib, ribosomal RNA. Genes are arranged in alphabetical order level in the HBdl12 versus WT12S cell line. It is regulated by cytoskeletal actin and myosin (Hecht and Koutsouris, 1999) . NKCC-1 activity is stimulated in early G1 and is essential to induce proliferation, loss of contact inhibition, focus formation, soft agar growth and transformation (Panet et al., 2000) . Metanephric MET is accompanied by expression changes in ion channels (Huber et al., 2000) , as is the EMT herein.
The mutant cells uniquely expressed an mRNA encoding a novel acetylglucosaminyltransferase (GlcNAc)-like protein (AGAT in Figure 3) , LARGE, the ®rst glycosyltransferase gene exhibiting tumorspeci®c genomic rearrangements (Peyrard et al., 1999) . GlcNAc transferases play critical roles in mammalian morphogenesis and some promote tumor growth and metastasis (reviewed in Dennis et al., 1999) . L-Arginine:glycine amidinotransferase (transamidinase; A:G AT in Figure 3 ) was ®rst isolated from human kidney carcinoma cells (Humm et al., 1994) . It catalyzes the ®rst and rate-limiting step in creatine biosynthesis (Guthmiller et al., 1994) . It was also only detectable in HBdl12 cells, which are also kidneyderived, and may re¯ect the increased metabolic rate of these cells.
Known genes with unknown functions
There were several dierentially expressed genes whose function is so far unknown. MG50 (melanoma associated antigen) was highly upregulated in HBdl12 cells. It was originally cloned from a melanoma, but now is associated with several other tumor types (Weiler et al., 1994; Mitchell et al., 2000) . Two clones uniquely expressed in the HBdl12 cells contained cDNAs homologous to sequences identi®ed only by their clone number in the databases, Clone 23584 and Clone 11 orf9, expressed at low and high levels, respectively. The latter was very recently discovered and by computational analysis suggested to be a membrane-associated protein (Stohr et al., 2000) . Thus, these fall into the same`functional' category as FSP1, which is used as a ®broblast or mesenchymal cell marker and is highly upregulated in the HBdl12, compared to WT12S cells, but for which no function has been assigned.
Increased expression of RDA clones in invasive or metastatic tumors
The purpose of the present study was to ®nd genes dierentially expressed in EMT, based on the hypothesis that identi®cation of genes whose expression is altered in the process of dedierentiation would elucidate the molecular mechanisms involved in tumor progression; identify important therapeutic targets and provide diagnostic expression pro®les. The genes reported herein were isolated by virtue of their increased expression in the mesenchymal, compared to the epithelial cell type. The downregulated genes will be reported subsequently. Many of the known genes isolated encode products previously associated with EMT and/or tumorigenesis, indicating that the screen Figure 4 Tumor array analyses of RDA clones. Matched tumor/ normal expression TM arrays (Clontech, CA, USA) were probed according to the manufacturer's instructions, with a-32 P-dCTP labeled puri®ed inserts, as in the legend to Figure 3 . N, paired normal tissue; T, tumor tissue. *, invasive or metastatic tumor. K, kidney; B, breast; P, prostate; U, uterus; O, ovary; Ce, cervix; C, colon; L, lung; S, stomach; R, rectum. H, Hela; B, Burkitt's lymphoma, Daudi; K, CML, K562; H, PML, HL60; M, melanoma, G361; A, lung carcinoma, A549; L, lymphoblastic leukemia, MOLT4; S, colorectal adenocarcinoma, SW480; R, Burkitt's lymphoma, Raji cell lines. &, upregulated in tumor cDNA, vs paired, normal cDNA was selective in identifying the desired genes. However, some of the genes are newly associated with these phenotypes and may provide important new insights. To ascertain whether the novel cDNAs exhibited any expression phenotype in human tumors, they were used to probe macroarrays consisting of pairs of cDNAs from human tumors and their corresponding normal tissue. Interestingly, the expression of the novel clones seemed to be speci®cally upregulated in invasive and/or metastatic tumors, especially those derived from breast, uterus, lung and stomach ( Figure 4 and Table 2 ). Similar results were observed when some of the known genes were used as probes ( Figure 4 and Table 2 ). While this is only a limited tumor sampling, the results further support that this system can identify genes involved in EMT and epithelial tumor progression, either as causative or consequential events. It also suggests that a panel of these genes may be able to serve in a diagnostic/prognostic capacity, at least for some tumors.
From the known genes, it appears, as expected, that multiple pathways are involved and some of these resemble those activated during kidney development, supporting previous work connecting cancer and developmental/dierentiation pathways. Some proteins may also be involved in regenerative processes, suggestive of at least some common mechanisms between regeneration and tumorigenesis. While many dierent functional categories of proteins were identi®ed, it is interesting and gratifying that no cell cycle genes were isolated. Such would not be expected because both the WT and mutated 12S genes used to generate the two source cell lines express the regions of E1A that activate the cell cycle and both proteins do induce cellular proliferation and in fact, eect immortalization. The phenotypic dierences between the WT and mutant lies in the status of dierentiation of the respective cell lines and its consequential eect upon the introduction of V12ras (Douglas et al., 1991; Fischer and Quinlan, 1998a ; and this study). Further work is now in progress to investigate the functions of the novel sequences and to ®nd links among the identi®ed genes.
